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Abstract: This paper focuses on the variations of lignite ash along selected sections and mining walls from three
lignite opencast mines in central Poland. They are owned by the Konin Lignite Mine, where the first Mid-Polish
lignite seam is being mined to produce electricity. Ash content in lignite is important because ash lowers the cal-
orific value of the lignite. The results obtained are based on 266 samples of lignite collected from the Drzewce,
Tomistawice, and Jézwin IIB opencasts. All samples were tested according to ISO 1171 standard procedures, that
is, they were first burned at a temperature of 850°C, then the ash content was determined on a dry basis (A%, be-
fore the basic statistical parameters were calculated. The studied lignite seam is characterised by a variable dis-
tribution pattern of ash both along selected vertical sections and lignite walls, as well as between the three open-
casts. The ash content of individual samples ranged from 6.5 to 69.8 wt%, while the average content in opencast
mines varied from 9.7 to 17.6 wt%. The coeflicient of variation is large (80.23-96.33%) in the case of the Drzewce
and Tomistawice, and low to average (14.53-37.75%) in the case of J6zwin IIB. Significant ash enrichment of some
beds is interpreted in this article as a consequence of floods occurring in a Mid-Miocene mire (backswamp), but
also of chemical precipitation. When lignite is burned to generate electricity, a relatively large amount of ash is
produced. Therefore, recognition of ash content in lignite, in addition to the chemical composition and phase of
ash, is recommended to better protect the environment. At the first stage of protection, it can be best achieved by
analysing field samples for ash content.
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INTRODUCTION

phase composition, is important during mining
and combustion activities.

Approximately 30-35% of the electricity in Po-
land is generated from lignite (Tajdus et al. 2014,
Polskie Sieci Elektroenergetyczne 2019). This is
the second-most abundant raw material, after bi-
tuminous coal (hard coal), used in the Polish en-
ergy mix; about 20% of electricity is produced
from renewable energy sources: solar, hydro, ge-
othermal, wind, and biomass (Tajdus et al. 2014,
Widera et al. 2016). Therefore, the composition
of lignite, its ash content, as well as chemical and

Parameters such as organic matter, water con-
tent and ash content affect fuel quality. The values
of these parameters are especially useful in evalu-
ating the suitability of lignite for combustion in lig-
nite-fired power plants (e.g. Kozula & Mazurek 1996,
Kwiecinska & Wagner 1997, Kozula 2001, Nawo-
ryta 2008, Naworyta & Mazurek 2010, Mastej et al.
2015, Pawelec & Bielowicz 2016). According to Pol-
ish norms, the ash content in lignite must be lower
than 40 wt%, on a dry basis (Rozporzadzenie 2001).
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Fig. 1. Location map of the lignite opencast mines currently
operating in the vicinity of Konin, central Poland

In the context of this study, the research ques-
tion arose as to how the ash content in the lignite
seam changes spatially. Hence, the main goals of the
current study are (1) to present the quantitative ash
content in the first Mid-Polish lignite seam from
Drzewce, Tomistawice, and Jézwin IIB opencasts
(Fig. 1), which belong to the Konin Lignite Mine,
(2) to calculate and compare basic statistical param-
eters for the ash content results obtained, and (3) to
briefly discuss the impact of ash on the combus-
tion of lignite and its environmental ramifications.

GEOLOGICAL BACKGROUND

Geologically, the research area is situated in the
Szczecin-Miechéw Synclinorium in the eastern
part of the Mogilno-L46dz Segment (Zelazniewicz
et al. 2011). According to an older division of Po-
land into tectonic units, this region is located in
the central part of the Mogilno-L6dz Basin, above
the south-eastern slope of a deeply-rooted salt
structure called the Gopto Anticline (Dadlez et al.
2000). The lignite deposits fill graben-like tecton-
ic depressions that are up to several dozen metres

deep. These grabens began to develop at the turn
of the Eocene/Oligocene or the Oligocene/Mio-
cene transition as evidenced by the age of these
deposits (Fig. 2, Widera & Kita 2007, Widera 2014).

The oldest sediments drilled in each of the
three lignite deposits studied are predominantly
marls of Late Cretaceous age (Fig. 2, Dadlez et al.
2000, Widera 2007). In the case of the Drzewce
and Tomistawice opencasts, Paleogene glauconit-
ic sands, with their characteristic greenish colour,
lie on top of Mesozoic bedrock (Fig. 2A, B). These
glauconitic sands are obviously of marine origin
(Widera & Kita 2007). In the Jézwin IIB opencast,
sediments of Paleogene age were not documented
until the end of 2019 (Fig. 2C).

Neogene deposition started after a period of up-
lift and erosion during the Late Oligocene, when
the area that is now central Poland began to un-
dergo subsidence. During this time, mainly fluvial
sedimentation occurred in this area. The Neogene
succession began with the deposition of sand ap-
proximately 10-40 m thick, often containing or-
ganic matter. These deposits belong to the Kozmin
Formation of Early to Mid-Miocene age (Fig. 2).

The Poznan Formation of Mid-Miocene to ear-
liest Pliocene age ends the Neogene succession in
the study area. This formation is divided into two
lithostratigraphic members: the older Grey Clays
Member and the younger Wielkopolska Member
(Fig. 2, Piwocki & Ziembinska-Tworzydlo 1997).
The first Mid-Polish lignite seam belongs to the
Grey Clays Member of Mid-Miocene age (Piwocki
& Ziembinska-Tworzydlo 1997, Kasinski & Stod-
kowska 2016). The thickness of this lignite seam
reaches up to 19.8 m, but is less than 10 m on av-
erage (Fig. 2, Piwocki 1992, Widera 2007, 2014,
Bechtel et al. 2019).

The Wielkopolska Member is the youngest
lithostratigraphic unit in central Poland and is
of late Mid-Miocene to earliest Pliocene age (Pi-
wocki & Ziembinska-Tworzydto 1997). It consists
predominantly of overbank muds (>95 vol.%) and
channel-fill sands and muds (<5 vol.%). In the
study area, these deposits are up to 30 m thick
with evidence of glaciotectonic disturbances
(Fig. 2). In recent years, the origin of this mem-
ber has been connected with the environment of
an upper Neogene anastomosing river system (e.g.
Maciaszek et al. 2019, Widera et al. 2019).
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Fig. 2. Geological cross-sections through the studied lignite deposits: A) Drzewce with Drzewce opencast (after Widera 2007,
modified); B) Tomistawice with Tomistawice opencast (after Widera et al. 2017, modified); C) Pgtnéw IV with Jozwin IIB open-
cast (after Widera 2014, modified); for the location of cross-sectional lines, see Figure 1

The Neogene succession is covered by Qua-
ternary sediments such as glacial tills, fluviogla-
cial gravels and sands, and glaciolacustrine muds.
These deposits were strongly eroded and deformed

by the Scandinavian ice sheets and/or their melt
waters. Therefore, the Quaternary thickness var-
ies between 20 and 60 m of overburden on the first
Mid-Polish lignite seam (Fig. 2).

Geology, Geophysics and Environment, 2020, 46 (1): 17-28



20

Chomiak L.

MATERIALS AND METHODS

Fieldwork

Fieldwork was conducted in 2018-2019 at three
operational opencasts belonging to the Konin
Lignite Mine. A total of 266 samples of lignite
were collected from three different lignite depos-
its and opencasts: “Drzewce” lignite deposit in the
Drzewce opencast, “Tomistawice” lignite depos-
it in the Tomistawice opencast, and “Pgtnéw IV~
lignite deposit in the Jozwin IIB opencast (Fig. 1).
The first Mid-Polish lignite seam was sampled in
each of these opencasts along the vertical sections
and walls exploited (Figs. 3-5).

In the case of the vertical sections, 33-36 sam-
ples were collected at an interval of 10-20 cm. On
the other hand, samples taken along the lignite
walls were collected at intervals of 1 m or more.
The profiles were separated from each other by ap-
proximately 200 m. The obtained results are pre-
sented in graphical form in Figures 3-8.

Laboratory analysis

All analyses of the ash content were made in ac-
cordance with the applicable ISO 1171:2010 stand-
ard and Polish equivalent PN-ISO 1171:2002
standard. They were conducted at the laborato-
ry of the Institute of Geology in Poznan. Results
from laboratory tests were subjected to basic sta-
tistical analysis using Microsoft Excel. Sever-
al statistical parameters (mean, minimum, max-
imum values, and coeflicients of variation) were
calculated (Tabs. 1, 2), similar to the studies de-
voted to other Polish lignite deposits (e.g. Kasinski
1986, Naworyta & Mazurek 2010, Bielowicz 2013,
Naworyta & Wasilewska-Blaszczyk 2014). In the
case of ranges of the coefficient of variation, the
classification according to Mucha (1994) was used.

Table 1

Moreover, four histograms were prepared in order
to sum up the distribution of the ash content re-
sults obtained. It was assumed that the sizes of the
bins (intervals) were 5 wt% (Fig. 9).

RESULTS

Drzewce opencast

Ninety-one samples of lignite were collected from
the Drzewce opencast, including 36 samples from
the selected section D, and 55 from the exploita-
tion fronts. The sampled lignite walls (sections)
were 4.5-12.2 m high (Fig. 3). All these lignite
samples were analysed for ash content.

In the case of section D, the arithmetic av-
erage ash content was 12.6 wt%, on a dry basis.
However, it varies across a wide range from 6.7 to
66.0 wt% (Fig. 3B, Tab. 1). The highest values of
ash content exceeded 30.0 wt% and were obtained
from the lowermost beds of the lignite seam.
The upper parts of this seam were character-
ised by a very even and relatively low ash content
(<10 wt%), in which only 3 samples contained
between 10.0 and 14.0 wt% (Fig. 3B). The coeffi-
cient of variation for these 36 samples was equal
t0 96.33% (Tab. 1).

The arithmetic average ash content along the
lignite walls was 15.0 wt%, ranging from 6.5 to
69.8 wt% (Figs. 3C, 4, Tab. 2). Samples located
close to the floor or roof of the seam had the high-
est ash content, exceeding 20-30 wt%. Similar-
ly, sample number 52, situated in the middle part
of the seam, was characterised by an ash content
higher than 30 wt%. The remaining majority of
the analysed lignite samples had an ash content
below or slightly above 10.0 wt% (Fig. 4). Finally,
in the case of these 55 samples, the coefficient of
variation was 80.23% (Tab. 2).

Basic statistical parameters of ash content obtained for selected sections of the first Mid-Polish lignite seam from opencasts of

the Konin Lignite Mine

Name Average asgl Maximum e:lsh Minimum adsh Standard Coefficient of
of opencast mine content (A7) content (4%) content (A7) deviation variation [%]
[wt%] [wt%] [wt%]
Drzewce 12.6 66.0 6.7 12.09 96.33
Tomistawice 17.6 71.4 9.6 14.29 81.15
Jozwin IIB 9.7 13.7 7.4 1.41 14.53
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Tomislawice opencast

From the Tomistawice opencast, 87 samples of
lignite were collected — 36 from section T and 51
from the lignite walls (Fig. 5). At the sampling
sites, the first Mid-Polish lignite seam was thick,
ranging from 7.4 to more than 10 m. The ash con-
tents are shown graphically in Figures 5B and 6.
Section T contained 14.8 wt% (on a dry ba-
sis) of ash on average, but the variation in content
was large, ranging from 6.9 to 71.4 wt% (Fig. 5B,

Tab. 1). Some samples contained an ash content
20-30 wt% higher in various parts of the lignite
seam. These samples were found in floor, middle
and roof layers of the seam, however, the most
interesting two samples were situated about 1 m
from the roof of the seam. These two samples con-
tained an ash content of 69.8 and 71.4 wt%. In
the middle part of this section, only two samples
contained less than 10 wt% ash (Fig. 5B). For all
36 samples from section T, the coefficient of varia-
tion reached 81.15% (Tab. 1).
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Fig. 5. Tomistawice lignite opencast mine: A) location of the examined lignite walls with sampling sites I-X and the selected
section T; B) broad view of the lignite seam with results of ash content tests; C) location of sampling sites along lignite walls; for
the results of ash content tests see Figure 6; for explanations see Figure 3

https://journals.agh.edu.pl/geol



Variation of lignite ash in vertical and horizontal sections of mining wallsin the Konin Lignite Mine, central Poland

23

1 I m v \'
LR 24.12 10 20 PLINN 0.07
(VIS 10.47 -
4 EX o! FEEEEE 24
ER I 7.36 8| EEm 13} R 18 (N 23
2! G 71 12} [FER 17 22
PR 1130 6} CeTzomm 1M (EEE 16 21
VI Vil Vil X X
LR 14.98 35¢ [EPRE 40b =11.77 451 ga %11233
PIPS SN 10.49 | :
29+ [CEENE Y e 26.37 441 [EEED s
39 [68.72
M 15.69 PRI 1652
PXT I 19.32 33 TEEm 48
N 38+ [IENEE 42 47
§8.26 |
i w| oo 4 a6
PLIN 0.84 21
I 19.76 |
- 36 [FKN

Fig. 6. Results of ash content tests obtained from lignite walls in the Tomistawice opencast; for location of sampling sites see Fig-
ure 5A and C; for explanations see Figure 4

Table 2

Basic statistical parameters of ash content obtained for exploited lignite walls of the first Mid-Polish lignite seam from opencasts
of the Konin Lignite Mine

Name of Average as‘lil Maximum a:sh Minimum adsh Standard Coefficient of
opencast mine content (A7) content (A7) content (4%) deviation variation [%]
P [wt%] [wt%] [wt%] °
Drzewce 15.0 69.8 6.5 12.01 80.23
Tomistawice 14.8 68.7 7.1 12.31 83.41
Jozwin IIB 13.9 30.5 7.8 5.23 37.75

In the case of 51 samples collected along the
lignite walls, the average value of the ash content
was 14.8 wt% and ranged from 7.1 to 68.7 wt%
(Figs. 5C, 6, Tab. 2). The vertical and horizontal
distribution of the ash did not show any regular-
ity. Some floor and roof samples were character-
ised by clearly higher ash content (24.1-67.2 wt%),
for example, samples 5, 6 and 24. Similarly, sam-
ple 49 contained very high ash content, reaching
up to 68.7 wt% (Fig. 6). The coeflicient of vari-
ation for these all samples was equal to 83.41%
(Tab. 2).

Jozwin IIB opencast

Eighty-eight samples were collected from the
Jozwin IIB opencast and analysed for ash content.
Thirty-three of the samples came from the 3-m
high section ], while the remaining 55 samples
were collected from the mine walls up to 8.5 m
high (Figs. 7B, 8).

In the Jozwin IIB opencast mine, the average
arithmetic ash content of the first Mid-Polish lig-
nite seam was 9.7 wt% for section J. In this case,
the difference between the maximum (13.7 wt%)
and minimum (7.4 wt%) ash content was only
6.3 wt% (Fig. 7B, Tab. 1). Excluding the two low-
est samples from the floor of the lignite seam, the
ash content and distribution along section ] was
relatively low and fairly even. For the majority of
these samples, the ash content was in the range of
10 +2 wt% (Fig. 7B). This is confirmed by the very
low value of the coefficient of variation for 33 sam-
ples, which was only 14.53% (Tab. 1).

On the other hand, the arithmetic average ash
content along the lignite walls was 13.9 wt% and
ranged from 7.8 to 30.5 wt% (Figs. 7C, 8, Tab. 2).
A fewsamples had ash contents greater than 20 wt%,
and a dozen or so samples contained less than
10 wt% ash. Thus, most of the 55 samples had an ash
content in the range of 10-20%, and the coefficient
of variation is relatively low, only 37.75% (Tab. 2).

Geology, Geophysics and Environment, 2020, 46 (1): 17-28
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INTERPRETATION
AND DISCUSSION

The variation of ash content in the first Mid-Pol-
ish lignite seam, along vertical and horizontal sec-
tions of mining walls, will be briefly interpreted
and discussed. Taking into account previous stud-
ies of this lignite seam, an initial attempt to clar-
ify some issues can be made. Thus, ash content is
a parameter that is given in both geological doc-
umentation (e.g. Kozula 2001) and scientific stud-
ies devoted to lignite deposits owned by the Konin
Lignite Mine (e.g. Kozula & Mazurek 1996, Nawo-
ryta 2008, Naworyta & Mazurek 2010, Pawelec
& Bielowicz 2016). In these contributions, various
geostatistical methods, both standard and mod-
ern, were used as summarised by Mucha (1994)
and Jurek et al. (2013). Regardless of the method
applied, they all use the same data source that was
obtained during exploration and documentation
of the lignite deposits. Moreover, the ash distri-
bution is most often shown in plan view, that is,
on maps plotted by the appropriate computer pro-
gram in recent years (e.g. Naworyta & Mazurek
2010, Jurek et al. 2013, Mastej et al. 2015, Pawelec
& Bielowicz 2016). On the contrary, the methodol-
ogy proposed in this paper additionally allows to
present the ash content in the vertical section of
the lignite seam to be determined (cf. Figs. 3-8).
Therefore, the current research can be considered
as complementary to those already mentioned.
Most likely, the increased ash content in some
samples is at least partially attributable to the
floods that occurred during the accumulation
of peat (Middle Miocene), which in turn trans-
formed into the first Mid-Polish lignite seam. This
interpretation is supported by the fact that this
lignite seam, especially in the Tomistawice and
Jozwin IIB opencasts, is often split by sandy and
clayey partings. These interbeddings are likely
connected with flood events during which silici-
clastics were supplied to the mire (Widera 2016,
Widera et al. 2017, Chomiak et al. 2019a, 2019b,
2020, Chomiak 2020). The effects of floods on
mires (backswamps) located in close proximity to
river channels are often described in the geological
literature (e.g. Gradzinski et al. 1976, Horne et al.
1978, Kasinski 1986, Smith et al. 1989, Zielinski
2014, and references therein). It should be noted

that the relatively high content of CaO (~30 wt%
on average) in the ashes tested additionally indi-
cates their autogenic origin.

In this paper, a macroscopically visible bed of
siliciclastics within the exploited lignite seam was
documented in the Tomislawice opencast mine.
This 10-30 cm thick layer of clay in the upper part
of the seam was found in two samples (Fig. 5B),
and in sample 49 at sampling site X (Fig. 6). In
fact, this layer comprises a coaly clay containing
about 30 wt% organic matter and 70 wt% min-
eral matter (i.e. ash) (Fig. 5B). Because the silici-
clastic partings are not the subject of the present
study, their origin is not discussed here. However,
the impact of the clayey bed on the ash content of
the entire seam may be significant, as was found
to be the case for the “Tomistawice” lignite deposit
(Chomiak et al. 2020).

The distribution of ash content in the 266 lignite
samples analysed from all currently operational
opencasts belonging to the Konin Lignite Mine, is
clearly visible on the histograms (Fig. 9). The shape
of the statistical data is more similar in the case
of lignite from the Tomistawice and Jozwin IIB
opencasts than from the Drzewce opencast. How-
ever, all these histograms are skewed right, that is,
just like the histogram constructed for all samples
(cf. Fig. 9A-D). This means that the largest num-
ber of lignite samples (>78.5%) is characterised by
ash content in the range of 5-10 and 10-15 wt%,
respectively. Consequently, only 8 samples anal-
ysed cannot be described as lignite because they
contain >40 wt% of ash (Fig. 9D, Rozporzadzenie
2001).

On the other hand, the statistically-calculat-
ed ash content within the first Mid-Polish lig-
nite seam provides some interesting conclusions
(Tabs. 1, 2). The values of the coeflicients of varia-
tion obtained clearly show the similarity between
the lignite seams in the Drzewce and Tomistaw-
ice opencasts. According to Mucha’s classification
(1994), this is expressed as a large variation in ash
content (41-100%). In contrast to examples from
the Drzewce and Tomistawice opencasts, the lig-
nite seam from the J6zwin IIB opencast is charac-
terised by a low (<20%, in the case of section J) to
an average (21-40%, in the case of the lignite walls)
variation in ash content (Mucha 1994). At least
two factors could have affected such significant

Geology, Geophysics and Environment, 2020, 46 (1): 17-28
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differences in ash content and its coefficient of var-
iation. Firstly, the investigated lignite seam from
the Jozwin IIB opencast has the smallest thickness
and is the least internally differentiated (Fig. 7B, C).
Secondly, the sampled part of the seam only covers
its upper bench, which rests above the sandy part-
ings representing crevasse-splay sediments (Cho-
miak et al. 2019a, 2019b).

Finally, the ash (mineral matter) has a negative
impact on the environment due to the combustion
of lignite in power plants, as well as during oth-
er methods of its utilization, such as gasification,
carbonisation, and liquefaction (e.g. Shirazi et al.
1995, Giilen 2007, Naworyta 2008, Bielowicz 2013,

and references therein). Therefore, the study of ash
content in lignite seams is important, with many
potential benefits for both industry and the envi-
ronment. Detailed knowledge of the content and
spatial distribution of ash in lignite deposits sup-
plied to power plants can help reduce the amount
of inorganic substance, and consequently less ash
will be produced during combustion. This knowl-
edge can help improve the quality of lignite used
on an industrial scale, for example, by selective
exploitation. Nevertheless, due to technological
and financial limitations, this is practiced sporad-
ically and only on a local scale by the Konin Lig-
nite Mine (Chomiak et al. 2020).
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Fig. 9. Distribution of ash content in lignites from opencasts belonging to the Konin Lignite Mine: A) the Drzewce opencast;
B) the Tomistawice opencast; C) the Jozwin IIB opencast; D) all currently operating lignite opencasts; for detailed data see Fig-

ures 3-8
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CONCLUSIONS

The results presented in this study summarize al-

most two years of fieldwork and laboratory anal-

yses, as well as answering the research question
posed in the introduction. Thus, the following
conclusions can be drawn:

1. The examined first Mid-Polish lignite seam is
relatively thin (<10 m on average) and contains
a lot of ash (>10 wt% on average). The spatial
distribution of the ash is highly diverse and
ranges from 6.5 to 69.8 wt% (9.7-17.6 wt% on
average). However, over 78.5% of analysed lig-
nite samples contain 5-15 wt% of ash.

2. The coefficients of variation calculated for
the results obtained (80.23-96.33%) indicate
alarge variation in ash content in lignites from
the Drzewce and Tomistawice opencasts. The
exceptions are lignites from the Jézwin IIB
opencast, where this coefficient is significantly
lower (14.53-37.75%)).

3. Such large differences in ash content make
some parts of the first Mid-Polish lignite seam
unsuitable for the production of electrici-
ty. Therefore, better knowledge of this seam,
through detailed ash content analysis, could
contribute to environmental protection by se-
lected exploitation (avoiding the ash-rich parts)
of the lignite seam and related lower ash pro-
duction. But is it possible in light of the adopt-
ed method of mining?
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